| INTRODUCTION
A previous study showed that more than one billion living people have experienced traumatic dental injuries (TDIs) in permanent or deciduous dentition, being the TDI a neglected condition and a public health concern.
1 These injuries may cause pain, functional and aesthetic impairments, and psychosocial problems, leading to negative effects on the lives of those who have them. 2 Previous studies have been conducted to analyze the impact of TDI on OHRQoL and, according to these investigations, preschool-aged children as well as children and adolescents (C/As) with untreated TDIs exhibited a higher adverse impact on OHRQoL as compared with those who never suffered a TDI.
that affects their well-being. 5 Quality of life is a dynamic process and the self-perceptions of each person are influenced by their experiences, ambitions for the future, dreams, and way of life. 6 Besides that, people alter their view of their OHRQoL over time because of physical changes or occurrences in their life. 7 In this context, hypothetically, the treatment of TDI can positively influence OHRQoL factors, restoring the capacity to smile, eat, and carry out daily activities with no aesthetic and functional harm; however, previous research has presented conflicting results about this subject. Some studies evaluated the relation between OHRQoL and people with treated TDIs and without TDIs, 2, 8 finding that treated TDI and the absence of TDI were not associated with an impact on quality of life. Conversely, one study 9 evaluated and showed that untreated TDI was associated with a negative impact on the OHRQoL of schoolchildren. In addition, there are certain methodologic limitations associated with these studies, since they are all observational studies (case-control and cross-sectional), 2, 8, 9 restricting the strength of evidence on which to base the results and conclusions of this question. Clearly, the impact of TDI treatment on OHRQoL needs to be explored using a high-quality research methodology with clinical longitudinal investigations.
Crown fracture involving enamel and dentin (CFED) is the second most prevalent TDI treated by dental clinics 10 and it has been proven that it is associated with difficulty with eating, avoidance of smiling, pain and sensitivity, and a greater prevalence of a negative impact on OHRQoL. 9, 11 Treatment for C/As with CFED is of fundamental importance, as such ensures the integrity of the fractured tooth and contributes to the healthy development of these individuals from the physical, social, and emotional standpoints. Based on this assumption, the aim of this study was to evaluate the impact of CFED treatment on the OHRQoL of C/As through a prospective study with a clinical intervention. As a second outcome, we aimed to evaluate the impact of CFED treatment on OHRQoL in C/As' families.
| METHODS

| Ethical aspects
This study followed the guidelines published by the Con- 
| Sample calculation
The software BioEstat ® (Civil Society Mamirauá, Manaus, Amazonas, Brazil) was used to calculate the sample size using data from a pilot study, which was conducted with eight volunteers and which followed the same procedures as this study. The impact of restorative treatment of CFED in C/As was adopted as the main outcome of this study and, in this way, the mean difference and the standard deviation difference (before and after treatment) of the total score obtained in the Child Perceptions Questionnaires CPQ [8] [9] [10] and CPQ [11] [12] [13] [14] were used to calculate the sample size, adopting a statistical power of 90%, an alpha error of 5%, and a sample loss prediction of 20% at the end of the study. The sample calculated for this study consisted of 25 patients.
| Study design, population, and clinical procedures
This interventional prospective clinical study evaluated the OHRQoL of children and adolescents (through the questionnaires CPQ [8] [9] [10] , CPQ [11] [12] [13] [14] , and P-CPQ) who suffered crown fractured involving enamel and dentin before and after the restorative treatment, as well as their families (through the questionnaire FIS Why this paper is important to paediatric dentists
• Research on children's and adolescent's perception about OHRQoL allow observing the patient in a general way, besides the oral cavity.
• Follow-up OHRQoL after treatment of crown fracture involving enamel and dentin provides additional information that supports that the treatment of dental trauma improves the OHRQoL of children's and adolescent's, in an appropriate study design. The treatment of dental trauma should be performed as soon as possible in order to minimize physical, aesthetic, functional, psychological and social damages.
and pulp vitality. Patients with others type of TDI, such as luxations, avulsions or root fractures, caries cavitated in dentin, pulpal inflammation, crown discoloration, necrosis or uncontrolled periodontal disease in fractured tooth or any other teeth were excluded from this study. At the time of injury, the following parameters were registered on trauma records: patient's gender and age (children's group: 8-10 years of age and adolescent's group: 11-14 years of age); family income; mother's schooling; affected tooth; number of injured teeth; type of injury; and gingival and bone damage. As protocol, for each tooth, clinical information was recorded, which included the colour of the clinical crown, mobility, tenderness to percussion, percussion tone, and thermal sensibility. In addition, intraoral photographs and periapical radiographs were taken at the initial examination. The standardized long-cone paralleling technique was used for periapical radiographic examination. The CFED diagnostic was made according to Andreasen's classification 13 by a single examiner. The examiner who performed the diagnosis of CFED was previously trained and calibrated for TDI diagnostic and TDI sequelae through the analysis of 40 images. These images were analyzed in two moments, with interval of 21 days to provide the intra-examiner and inter-examiner reliability, with a senior in TDI (L.C.M.) (kappa scores: intraexaminer reliability = 0.84 and inter-examiner reliability = 0.88). The crown fractures were classified according to their involvement, as follows: one angle (inclined fractures) or two angles (horizontal fractures). A single operator (M.B.M.) performed all restorative procedures. Firstly, the composite resin shade was selected. Following the administration of local anaesthesia, a rubber dam was placed and the fractured tooth was cleaned with flour of pumice and water in a rubber cup attached to a low-speed headpiece. The tooth was acid etched with 35% Scotchbond ™ Etchant (3M ESPE, Seefeld, Germany), for 15 seconds, then thoroughly rinsed for an additional 15 seconds and air-dried prior to the application of the Scotchbond ™ multipurpose (3M ESPE, Seefeld, Germany)
adhesive system in accordance with the manufacturer's recommendations. Contour strips (Contour-Strip; Ivoclar Vivadent, Schaan, Liechtenstein) were placed with the help of wedges interproximally to achieve a smooth restoration outline in the cervical area. The nanofiller Filtek ™ z350
resin composite (3M ESPE, Seefeld, Germany) was placed incrementally in 2-mm layers, and each layer was cured for 40 seconds using a light-curing unit. Following removal of the contour strip, the proximal region of the restorations was additionally polymerized for 20 seconds. Final contouring, finishing, and occlusal adjustments were performed with fine diamond-coated burrs under water-cooling. Occlusion during habitual intercuspidation and excursive movements were checked. One week after restoration, the polishing was done with a four-step polishing disc system (Sof-lex ™ Pop On; 3M ESPE, Seefeld, Germany) to obtain smooth surfaces. Finally, all patients received orientations to prevent new TDI as well as failure of the restorative material and to assure the longevity of the restauration.
| Quality of life evaluation
The OHRQoL questionnaires used in this study had four components: two questionnaires relating to C/A OHRQoL were applied directly to the C/As (CPQ 8-10 for 8-10-yearolds and CPQ 11-14 for 11-14-year-olds), while the other questionnaires relating to C/A OHRQoL were applied to their parents [Parental-Caregiver Perceptions Questionnaire (P-CPQ)], with a last questionnaire applied to the parents relating to familiar impact [Family Impact Scale (FIS)]. CPQ [8] [9] [10] , CPQ [11] [12] [13] [14] , and P-CPQ assess quality of life in terms of the following four domains: oral symptoms, functional limitation, emotional well-being, and social well-being. Additionally, the FIS component assesses the familiar impact according to the three domains of parental emotions, family conflict, and parent/family activity. Patients and parents' responses were scored and tabulated to produce a frequency scale: score 0 = "never", 1 = "once or twice", 2 = "sometimes", 3 = "often", and 4 = "every day or almost every day". For P-CPQ, a "don't know" response was also allowed and tabulated as a score of 0. 14 The scores for each domain and total scores were calculated by the sum of the individual answers in each questionnaire. The Brazilian validated versions of the questionnaires were applied before and at 3 months after the restorative treatment. [14] [15] [16] [17] For all domains and in all questionnaires, 0 represents no impact of the oral condition (in this case, CFED) on OHRQoL and, as the score increases, the negative impact of the oral condition on OHRQoL also increases.
| Statistical analysis
Descriptive statistics were used to express the results as means and standard deviations. The parametric data distribution was evaluated using the Shapiro-Wilk test. In order to evaluate differences between the scores between before and after the restorative treatment, data with parametric distributions were evaluated through a t test for dependent samples, and data with nonparametric distributions were analyzed using the Wilcoxon test. The level of significance was 5% (α = 0.05). The data were tabulated and analyzed in IBM SPSS Statistics for Windows version 21.0 (IBM Corp., Armonk, NY, USA).
| RESULTS
From a total of 252 children recruitment period, 32 were initially included in and 30 completed this study. The two children and their parents who did not finish the study were excluded because they did not return for the final evaluation (Figure 1) .
The demographic characteristics of the sample are presented in Table 1 .
After analyzing the domains separately, it can be observed that significant reductions of scores in "oral symptoms" for CPQ [8] [9] [10] (P = 0.0003) and for P-CPQ (P = 0.0455) questionnaires exist, as well as for "emotional well-being" for the CPQ 11-14 questionnaire (P = 0.0431). The other domains did not show significant score changes (P > 0.05). In an overall analysis, adopting the total questionnaires' scores, a significant score reduction and a decrease of negative impact in C/A OHRQoL as reported by children (CPQ [8] [9] [10] , P = 0.0065), adolescents (CPQ [11] [12] [13] [14] , P = 0.0486), and their parents (P-CPQ, P = 0.0259) were revealed ( Table 2) . Concerning familiar impact, the restorative treatment of CFED did not influence the domains nor the total scale (FIS) (P > 0.05) ( Table 3) .
The tendency (changes of values) of the scores before and after the restorative treatment for each questionnaire is represented in Figure 2 .
| DISCUSSION
In view of the importance of facial and smile appearance in C/A social relations, treatment for anterior teeth injuries may yield important psychosocial benefits to these individuals and their families. The results of the present clinical prospective study showed that, in general, children (aged 8-10 years) and adolescents (aged 10-14 years) presented with a reduction in the negative impact of OHRQoL following restorative treatment of CFED; however, the completion of same treatment did not affect the OHRQoL of their families.
The use of language-validated questionnaires with psychometric properties similar to the original instruments is fundamental to ensure the reliability of results. The CPQ [8] [9] [10] , CPQ [11] [12] [13] [14] , P-CPQ, and FIS questionnaires were shown to be valid and reliable for administration in the Brazilian population. [14] [15] [16] [17] The use of these solid instruments for measuring the impact of OHRQoL was essential because it allowed for us to conclude that the restorative treatment of CFED has a real benefit on people's lives. The option of response "don't know" in P-CPQ questionnaire was permitted in original instrument, based on justification that the exclusion of "don't know" responses would result in loss of important data. So, the original questionnaire guides the researchers to attribute 0 score to "don't know" responses, 14 as performed in this clinical study. In addition, the original questionnaire showed that this action did not affect the questionnaire performance and ensure a good discriminant and construct validity. 18 As a limitation, this study suffers from an inherent problem of all questionnaire-based studies: the variable honestly and accuracy of the participants. 19 In an attempt to reduce bias, the participants received a complete explanation about the questionnaire scores and the questionnaire was selfapplied, as suggested by Palomares et al. 20 The responsible researcher stayed near to the C/A subject and their parents to help them only in the case of participant-required assistance.
Besides that, a pilot study was conducted (data not shown) to calculate the sample size and to check the study viability; furthermore, patients with caries cavitated in dentin were excluded to avoid this confounding factor. Concerning the study sample, in accordance with the eligibility criteria, a large amount of participants who T A B L E 3 Mean ± standard deviation of Familiar Impact Scale (FIS) scores before and after crown fracture treatment F I G U R E 2 Trend of the scores before and after crown fracture treatment. Positive change scores indicate an improvement in OHRQoL, while negative scores indicate deterioration presented were excluded because these patients suffered from other types of TDIs or were younger than 8 years of age. The questionnaires used in this study have been designated for use in C/As aged between 8 and 14 years. 16, 17 An ideal control group for clinical studies aiming to evaluate the influence of treatment in an outcome would involve participants with paired ages and genders, but who did not receive any treatment (eg, in this paper, patients without CFED restorative treatment). 21 This would allow for the assessment of OHRQoL changes if treatment was not provided; however, the inclusion of a group with some type of TDI who did not receive treatment purposely would be unethical. This way, only one group (treated) was included, and the C/As and their parents prior the CFED restorative treatment acted as their own controls, in the manner of a nonpaired prospective clinical study design.
The 'oral symptoms' domain contains questions related to pain (spontaneous pain in all questionnaires or cold-provoked in CPQ [8] [9] [10] ); wounds; bad breath; and food remains trapped in the mouth. A significant score reduction was observed for this domain in CPQ [8] [9] [10] , but not for such in CPQ [11] [12] [13] [14] . It is possible that the largest score reductions were related to issues that involved pain (spontaneous and cold-provoked) in CPQ [8] [9] [10] . This result seems logical, since CFED leaves the dentin tubules exposed to stimuli that produce moment shifts in the tubule fluid and hydrostatic pressures, causing pain, as previously described by the hydrodynamic theory of dentin sensitivity. 22 The restorative treatment of CFED and the consequent sealing of dentin tubules prevents the contact of pain-related stimuli with the dentinal tubules, reducing the incidence of pain, as occurred in the patients of the present study. The same domain result was not observed in CPQ [11] [12] [13] [14] , probably because the decrease in the volume of the pulp chamber with age 23, 24 due to the continual deposition of secondary dentin by odontoblasts along the pulp chamber walls. 25 Another hypothesis that can be attributed is the fact that "oral symptoms" domain in CPQ [11] [12] [13] [14] has only one general question about pain (ie, "pain in your teeth, lips, or jaws?") in the "oral symptoms" domain, leading the patient to think not only in their teeth, but also in lips and jaws. If the question was focused only in the teeth, maybe the answers could also be more precise, as in the question "did you have difficulty with drinking or eating hot or cold foods?" (which is part of the domain "functional limitations" of CPQ [11] [12] [13] [14] in which 36.4% of patients of the present study reported a difficulty reduction.
The "functional limitations" domain of CPQ [8] [9] [10] and CPQ [11] [12] [13] [14] contains questions related to difficulty with eating, biting, speaking, and sleeping, and no significant OHRQoL change was observed in this domain after treatment. A previous cross-sectional study had already described that functional limitations may continue after teeth fracture treatment due to the pulpal and periodontal effects of the injury. 2 Pulpal damage could present longterm effects on chewing, with sensibility or pain. Maybe the period between the CFED and the second moment of questionnaire application (3 months after CFED restoration) has been short and the pulp damage has not yet fully healed. It must be taken into account that, in the present prospective study, all patients and caregivers received information regarding the functional limitations of a restored tooth, such as recommendations to avoid biting hard foods directly using the restored tooth in order to avoid adhesive failure of the restoration. The dissemination of these suggestions is probably related to the nonsignificant improvement on OHRQoL in this domain and with the greater incidence of children (aged 8-10 years) that reported "difficulty in biting or chewing harder foods" after CFED restoration.
The "emotional well-being" domain of CPQ [8] [9] [10] and CPQ [11] [12] [13] [14] contains questions related to emotions (eg, sad, embarrassed, worried, upset, frustrated, or angry) and to the possibility of staying worried about his/her appearance. CFED treatment reduced the scores and led to improvements in the OHRQoL of adolescents (aged 11-14 years), mainly with regards to sad, embarrassed, worried, and upset feelings. On the other hand, the treatment did not impact the OHRQoL of children (aged 8-10 years). This difference between questionnaire groups is probably related to the age and the unique social factors present during the adolescence period. At the age of 11-14 years, relationship between peers is an important factor of an individual's perceptions regarding quality of life, 26 where physical appearance and attractiveness play an important role in social interactions and psychological well-being among adolescents. 27 As the mouth is an important determinant of facial attractiveness, any alterations in dental aspects can have a negative/positive impact on quality of life, depending on what they are. 28 A previous study showed that photographs of adolescents with ideal smile aesthetics were betterjudged by peers with respect to athletic performance, popularity, and leadership ability versus photographs of adolescents with nonideal smile aesthetics. 29 Besides the "social well-being" domain not having been influenced by CFED treatment, the authors think it is important to highlight that the incidence of C/As that stopped to "avoided smile" were 22.2% (children) and 18.2% (adolescents), respectively. This finding was in accordance with those of other studies that reported higher prevalence's of "avoided smile" in C/As with evidence of previous TDI as compared with in C/As without evidence of previous TDI. 2, 30 This result is significant in that C/As in the present study felt greater dissatisfaction with their appearance after CFED treatment, especially with regard to smiling and laughing.
The P-CPQ is an instrument that assesses a parent or a caregiver's perceptions regarding the impact of C/A oral health status on quality of life and should be considered as a complementary outcome measure contributing to clinical decisions. 31 The score reductions in P-CPQ after CFED treatment are in agreement with Antunes et al's study; 32 however, the changes in the "emotional well-being" domain scores, as detected by CPQ 11-14 , were not detected by P-CPQ. These findings raise the question of whether the perceptions about TDI and OHRQoL of C/As and their parents or caregivers are in accordance with one another. The completion of further studies evaluating this question is necessary. According to the American Academy of Pediatrics, children's health is defined as "the social, physical, and emotional functioning of the child and his or her family…". 33 In this manner, the measurement of OHRQoL from the family perspective is also important, although few studies have done this. Antunes et al 34 evaluated the responsiveness of FIS to describe changes in OHRQoL after treatment for TDI. The mean score before the treatment was 12.2 and that after the treatment was 2.7, which are in disagreement with the present study in which no significant score changes were found (ie, the before and after scores were 7.8 and 8.0, respectively). This disagreement between results is probably related to the different inclusion criteria of the studies. Antunes et al 34 included C/As aged between 2 years and 14 years and with all types of TDI (eg, fracture, concussion, subluxation, luxation, and avulsion), while the present study included only C/As aged between 8 years and 14 years and only with CFED. In the present manuscript, the FIS questionnaire evaluated the TDI impact on the interruption of family activities. Previous studies showed that TDI severity is directly associated with families quality of life. 35, 36 Some factors could be associated with the absence of TDI impact, like: (a) parents do not considered uncomplicated CFED as a health problem that needs emergency care, which can be proven by the fact that most C/As and P/Cs (more than 65%) have sought care only after 1 month of TDI; (b) this study was conducted in a public dental clinic, where the P/Cs did not have any treatment costs (except for transport); (c) the type of TDI included in this study (CFED without pulp exposure) is a kind of trauma that requires only few attendances for treatment, not implying in excessive parents missing work, spending extra time taking care of their children or financial burden with transportation. To our knowledge, the present study is the first prospective study to evaluate the impact of TDI treatment in OHRQoL of C/As, but can be considered a preliminary investigation because further prospective studies evaluating the impact of treatment for different types of TDI are still needed. Besides that, studies evaluating the impact of TDI recurrence in OHRQoL are still warranted as well.
In conclusion, restorative treatment of CFED had a positive influence on the OHRQoL of C/As, but not on the OHRQoL of their families. Based on the results found herein, the treatment of CFED should be performed in order to reduce the negative impact of this type of trauma on the OHRQoL of C/As.
